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DISCUSSION ON "ON THE SPACE ECONOMY OF THE SINGLE-
PHASE SERIES MOTOR." NEW YORK, JANUARY 14, 1910

S. M. Kintner: The topic of space economy of single-phase
motors is a most timely one and merits a very complete discus-
sion. In the paper presented this subject is dealt with in a very
heroic manner, and the methods proposed for increased output
are certainly radical in the extreme.

In the discussion of a paper presented by the theorist, with
admittedly no practical experience, there is always the danger
of too much stress being laid upon the fact that these are the
ideal conditions, and that matters of detail in carrying out such
a proposal are entirely subordinate and not worthy of serious
discussion at such a time. In this paper, however, there are a
number of details which deserve special attention, as it is largely
upon these details that the success of the plan for increased out-
put depends. A comparison of the output of the proposed 500-
h. p. motor, that the authors submit as one that could be operated
within the space limits of the present New York, New Haven
and Hartford Ry. Co's. locomotive motors with one of those
motors., shows that there is no gain in output per unit weight
of active material, that is copper and laminated iron. The
attempt to gain, has been made by dividing the motor up
into two parts, one of which is made up of the magnetic cir-
cuit and inductors which occupies all of the available space at
present used by the entire motor on the New Haven locomotives,
and the other part, made up of the commutating device with its
necessary choke coils for keeping down the short circuit cur-
rents, which the authors propose to place in some convenient
location outside the motor frame, and which has its own ad-
ditional space requirement.
With the proposition then that an increased output can be

effected in direct proportion to the increase in active materials,
such as copper and laminated iron, that can be placed in the
available space, the discussion hinges on:

1. The feasibility of the external commutator with revolv-
ing brush holders, and,

2. The value of balanced choke coils for limiting the short
circuit currents.

In passing, it may be well to note that, estimating the dimen-
sions of the copper conductors from published I'R losses, the in-
sulation allowances in the proposed 500-h. p. motor are much
too small, there being but one-half that allowed in the armature
slots of standard machines, which allowance the experience of
years has indicated as the minimum that is safe. Further, it
should be noted that the method of getting the windings in
place with the proposed slot, copper and insulation dimensions,
is by no means evident. Again, the number of commutator
bars selected is such as to cause some difficulty in connecting the
equalizers.
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There is also some question as to how successful the commu-
tation would be.
My understanding of Prof. Franklin's duplex winding is, two

independent parallel windings, in which there are 12 volts be-
tween alternating comnmutator bars, with one bar of the other
winding intervening-am I correct in that?
W. S. Franklin: Yes, 12 volts with one turn of wire around the

field flux.
S. M. Kintner: In my statement here, I have assumed that it

was alternating commutator bars that were subjected to these
12 volts difference, and I am not clear just as to the type of
windings proposed, if that is not the case. However, the same
condition of total weights of metal, copper, iron, etc., holds as
regards output, flux densities, etc.

I do not believe an external commutator with revolving
brush-holders can be built for this class of service which will
be a commercial success. The difficulties involved are:

1. The construction of the commutator with its 504
flexible connections from the motor windings, through the choke
coils mounted on the locomotive ca b, as proposed by the authors,
down to the commutator bars.

2. The mechanical arrangement necessary for driving the
brush-holders synchronously. This forms a problem in con-
struction that- has no feasible solution.

It seems to be well nigh impossible to devise a satisfactory
arrangement of this kind when viewed from the standpoint of
reliability, accessibility for inspection and repairs, freedom from
mechanical injury during overhauling other parts of the loco-
motive, first cost, etc. Again the increased complication, cost
and maintainance expense of the two sets of collector systems
for supplying current to the brush-holders and to the rotating
field, is another serious feature of this type of motor. While
the authors' statement that but little power would be required
to drive the rotating brush-holders is probably true, it does not
necessarily follow that no serious difficulty is involved in the
construction of such a drive. On the other hand, I believe it
would be very difficult to construct a drive which would be
absolutely positive and not liable to any interruption, and
which would maintain accurately for long periods of time the
correct brush-setting on the commutator. It is a well-known
fact that single-phase commutator motors are very sensitive as
regards brush-setting and great care is taken to insure a correct
setting on the present types of such motors to within less than
1/16 in. as measured on the commutator face.

It is not at all likely that anything near this accuracy could
be maintained with the proposed system. Fortunately, a limited
amount of lost motion would be beneficial, as it would tend to
rock the brushes backward for more favorable commutation.
All the brush-holders if rotated at motor speeds would need to
be carefully balanced and the carbon springs would require
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some form of comnpensator on account of centrifugal forces
which would otherwise cause unequal brush pressures. Many
other difficulties suggest themselves, but the foregoing are
sufficient to indicate the character of trouble that would be
encountered.
On considering the question of balanced choke-coils for

limiting the magnitude of the short-circuit currents, one is
surprised to find how large these coils become. It is worthy
of note in connection with the 500-h. p. motor proposed by the
authors, that the voltage between consecutive commutator
bars is not as great as that on the New Haven motors. The
magnetic density in the various parts of the proposed motor
is also somewhat less than in the New Haven motor.
From this it may reasonably be argued that the size of the

choke-coils and the motor power-factor proved to be the limiting
conditions which prevented an increase in output per unit mass
of material.

There are two other points that should be consider. in. con-
nection with the choke-coils, as determining factors oL their
value:

1. Their ability to withstand without injury heavy momen-
tary overloads, such as they might be subjected to in the event
of the motor not turning over at once when current is applied
at starting, and

2. The character of their construction combined with an
adaptability for ready assembling in a suitable manner and at
a reasonable cost.

In considering the first point, an examination of the choke-
coil for the small machine shown in the paper, indicates that there
is approximately as much resistance in the copper of the choke-
coil as would ordinarily be used in a regular resistance lead,
and that this alone would have been sufficient to limit the short-
circuit current without the inductive effect. This then indi-
cates a serious sacrifice in sturdiness and overload capacity
in order to keep down the size to such proportions as would allow
the choke-coils to be mounted inside the armature. In this case
there has been increased complications, equal or greater loss,
an inferior arrangement to withstand heavy overloads, and when
compared wth the resistance lead properly installed, it seems
to be less desirable than the latter.
The authors state " It does not seem possible, however, to

produce a single-phase motor that will operate satisfactorily
without the use of special devices for the prevention of excessive
short-circuit currents."

I wish to take exception to this statement, as it is perfectly
feasible to build motors without any special devices of this nature,
provided the induction per pole is kept low enough. There are
a great number of motors of this kind in operation giving
satisfactory service. The contact resistance of the carbon brush
is sufficient to limit the current to a safe value provided the short-
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circuit voltage does not exceed 31 to 4 volts. The employment
of preventive leads, however, allows the use of higher inductions
per pole, and in general results in a somewhat smaller motor
for the same rating.

Considering the second point, that of cost and adaptability
for assembling, I have found on calculating suitable coils for
the proposed 500-h. p. motor mentioned in the paper, that the
sizes are rather startling, and one is inclined to the belief that
the authors were so glad to find a place large enough to accommo-
date the choke-coils that the mechanical difficulties involved in
the use of the external commutator looked small.

Space economy. The space available for the motor of a loco-
motive depends so much on the type of motor-mounting and
drive, that comparisons on the basis of output of the motor de-
signs of different types are misleading. It is of course allowable
and proper, to compare locomotive perforTnances provided they
have been designed for the same class of service.
For ltors mounted concentric with the locomotive axle

similaK o the New Haven motors, the desired freedom and stand-
ard wheel-flange-spacing fix the maximum length of motor,
while the motor diameter allowable, depends upon the wheel
size and the permissible clearance below the motor.

If a particular locomotive speed condition is assumed, the
end clearances will be practically the same, and the size of motor
that can be put in the space will increase with the increase in
the driver size. For a particular case of this type of mounting,
in which the same locomotive speeds are assumed for various
sizes of drivers, the increase in horse power output, whichcan
be put in the available space, will be approximately along a
straight line, which indicates a 250-h. p. motor on 62-in. drivers
and a 500-h. p. motor on 94-in. drivers.
The increase in motor weights will be somewhat more rapid

than their increase in diameters, owing to the fact that the active
electrical and magnetic parts will increase almnost directly with
the diameters, while the weight of most of the mechanical parts
will increase more nearly as the square of the motor diameter.

Motors mounted horizontally, with one side supported rigidly
on the axle, similar to the ordinary method of mounting motors
on car trucks, gradually lose end-room as their sizes increase,
on account of mechanical requirements of increasing space
for larger gears, and their outputs do not work out on so simple
a curve as the motors mounted concentric with the axles. This
loss in end-room results in a double loss as it makes it necessary,
for a given rating, to use a larger motor diameter. This increase
in motor diameter requires a reduction in motor revolutions,
on account of mechanical limitations, which in itself makes a
larger diameter necessary. This increase in armature diameter,
forces the gear centers further apart and increases the size of
gears. A final balance is reached, above which, it is not feasible
to mount motors in this manner on account of the gear sizes
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and dead motor weight on the axle. This dead weight can be
relieved by the use of quills which afford a spring support for
the motor, and this makes it possible to increase the size of
motor. The use of a quill, however, increases the gear centers,
and this causes the limit due to the size of gear, to be reached
sooner. Here it should be noted that the required range of
locomotive speed plays an important part. The motor, for
mechanical and insulation reasons, is designed for a certain
limiting speed above which it must not be operated. If the con-
tinuous rating speed is chosen. near or at the maximum speed,
the smallest motor possible for the locomotive rating is obtained.
As the continuous rating speed is decreased, the motor size
increases. It follows, therefore, that from the standpoint of the
motor design alone, the less the requirements of range in locomo-
tive speed between continuous and maximum, the cheaper the
motor will be. It is largely on this account, coupled with the
mechanical requirements of locomotive riding qualities at high
speeds, that locomotive costs are increased so much, for conditions
where it is expected to operate in both freight and passenger
service at quite different speeds. In general for this type of
mounting, there is little or no gain in motor size by reducing the
continuous rating locomotive speed below about 12 miles per
hour.

Motors mounted directly above the axles and geared thereto
through quills, are but one division of this general class of direct-
gear drive and are subject to the same limiting conditions.
The quill is, however, necessary in all cases with this type of
mounting in order to relieve the axles, wheels and track, of the
otherwise excessive dead* weight.
When use is made of the combination drive employing gears

and side rods, there is a distinct gain in the end-room space
available for the motor, as in this type of drive, the entire
space between the locomotive side-frames, which are generally
plate-frames inside the wheel-flanges, can be utilized for the motor.
The gears can be placed outside the wheels and there is not very
much difficulty in making them any desired size. The driver
sizes, wheel-base limits, and crank-throw are, in most cases, the
determining factors. This increase in end-room makes a smaller
diameter and higher speed motor possible, and hence a cheaper
motor. This type of mounting gives almost as much end-room
as that employing the straight side-rod drive. The latter
has a slight advantage as it is possible with it to extend the motor
up to the wheel-flanges and in fact to cut away part of the motor
housing for a still further slight gain.
With both of these types of drive the diameter of the motor

is limited by cab clearances. These last mentioned types of
mounting, allow space that makes possible the largest sizes of
motors desirable.
The combination drive is much more flexible and gives a

better selection of motor speeds and driver sizes, as the gears
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can be selected to get the desired locomotive speed. It is im-
possible with these last mentioned types of drive, to state the sizes
of motor in terms of the ordinary methods of rating, without a
definite limiting speed range, and so I will not attempt to state
more than the preceding indications of the general limits.

E. H. Anderson: The paper brings out very clearly the diffi-
culties of designing a single-phase commutator motor. The
scheme of placing reactances in such connection as to theoretic-
ally reduce sparking is ingenious, to say the least. The criticism
of the scheme is, that it does not make for simplicity. The
simplest form of apparatus is more often the most enduring.

It appears from the text that the leads of the stationary wind-
ing are connected into the stationary commutator, although
space and detail of construction are not shown. In order to
take the motor apart for repairs, it is necessary to pull off a driv-
ing-wheel, or separate the stationary member, and in this case
it becomes necessary to disconnect the winding and all the com-
mutator leads coming from the lower half. The driving mechan-
ism for the revolving brush-holders must be positive and rigid.
No slack or looseness can be allowed, for the exact position of
the brushes on a single-phase commutator motor is very essential
for proper operation and speed. Such a motor as described,
usually has about ^n 8-in. commutator and 18 in. of core iron be-
tween heads.
The power of a motor is dependent largely upon the length

of core, and if all of the commutator length could be put into
core, that is, by adding 8 in. to 18 in., it becomes possible to in-
crease the power about 45 per cent. However, all the commutator
length cannot be added to the core, for the reason that there must
be a circular conduit at each end to allow the leads of the lower
portion of the stationary member to be brought up to the station-
ary commutator. This will require approximately 3 in. on
each end thus leaving 2 in. to be added to the core-length, giving
20 in. instead of 18 in., or an increase of 11 per cent. After the
leads leave the conduit they must be spread around the com-
mutator and held firmly, as well as properly ventilated. Us-
ually from a given space, a certain amount of heat can be blown
out, so that with a given efficiency only a given amount of work
can be done in that space. The driving device for the revolving
brush-holder rigging must take up somne space on the axle. This
will no doubt use up the spare 2 in. with the result that the iron
core between heads is not increased.
The question naturally arises, is the taking away the com-

mutator from the rotary member, and placing the same on the
stator worth the complication? It appears from the paper that
this scheme is best suited for single-phase axle motors for loco-
motives, and is limited to the construction shown, of mounting
the stationary member on a quill and using quill-drive. It
appears that there is difficulty in building within the limited
space between wheels, a motor large enough to slip the wheels
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and do the work usually required on the usual axle weight of
50,000 lb. The above refers to a single-phase commutator
motor and this scheme with its complication is an effort to in-
crease the size of motor.
The serious question about the construction, to my mind, is

that it is not the simplest. A prominent railway company built
and installed a motor on a single-truck car, which should act as
a counterweight to the real motor. The motor was a chunk of
cast-iron, with armature bearings on it, mounted outward on
a single-truck car, and over-balanced the effect of the real motor,
which was outwardly-hung on a single-truck car. This was put on
as it was thought the real motor might tip up end wise and block
the system. These motors were used for a long time, and gave
no trouble, probably on account of their simplicity.

E. F. W. Alexanderson: The title of the paper opens a broad
subject. There may be as many ways to look at it, as there are
designers who have worked on the development of single-phase
railway motors. I prefer to look at the subject in a somewhat
different light rather than discuss the schemes presented in the
paper.

In the design of any electrical apparatus, there is usually one
requirement that is more severe than any of the rest, or one weak-
ness in the type of apparatus considered to which most of the
attention must be given, so that all the other features must be
subordinate to that particular consideration. Most electrical
machines are sold on the basis of a standardized commercial
rating, and this rating is in most cases based upon the tempera-
ture rise during a certain test. Other features, like regulation,
power-factor, efficiency, and overload capacity, are given as
supplementary descriptions of the apparatus. The commercial
rating of railway motors is based upon heating, usually upon the
one-hour test at 75 degrees rise, and the adaptability of a railway
motor to any specific requirement is usually judged by the heat-
ing of the motor. This generally accepted method for determin-
ing the service capacity of railway motors has been developed
with reference to the motor of the wholly enclosed type.
The three principal limitations in the design of an alternating-

current railway motor are heating, commutation, and starting
torque; of these three, the starting torque is, however, the most
important.
The first attempts to design the alternating-current railway

motors were naturally along the same lines as those of the direct-
current motors. The motors were completely enclosed, and the
service capacity was determined from the heating characteristics.
It was soon found, however, that owing to the lower efficiency of
the single-phase motor, the temperature has a tendency to become
considerably higher than in the direct-current motor. An in-
crease in the size of the motor, in order to reduce the temperature,
led to an increase in the weight of the trucks, car-body, and the
control, so that the motors had to do more work than was con-
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templated in the first place, and the desired reduction in heating
was not obtained. At present it is accepted as a necessity by
all manufacturers of alternating-current railway apparatus,
that the motors must be cooled, either by natural or forced
ventilation. As soon as forced ventilation is adopted in an alter-
nating-current motor, the whole basis of the design is changed.
The cooling that can be accomplished in this way is so effective,
that heating is no longer the limiting feature of the design. Com-
mutation difficulties can be entirely overcome at any normal
operating speed, by application of a commutating field of suit-
able phase and strength. They can also be counteracted, to
a great extent by the use of so-called resistance or preventive
leads. The ruling feature is therefore the starting torque.
This applies to the three-phase railway motor, as well as to the
single-phase railway motor, although for entirely different reasons.

In the discussion of Dr. Hutchinson's paper on the Great
Northern electrification, I explained that the reason why the
three-phase motors exceeded their guaranteed capacity on the
basis of temperature rise, with forced ventilation was not an
accident. The starting torque was the most severe requirement,
and as a matter of fact, the motors are able to slip the wheels
of the locomotive, only with a necessarily small margin.

In the single-phase railway motor, the starting torque is
limited by local heating on the brushes, commutator bars, and
certain parts of the winding. Various methods have been de-
vised to increase the starting torque of the single-phase commu-
tator motors as much as possible. Although there may be a disa-
greement as to what methods are the most practical it seems
to be a general agreement that some special methods must be
used.
The starting torque of the single-phase commutator motor

is limited by the voltage per bar on the commutator, and the
current per bar in the winding. Generally speaking, it can
therefore be said that the starting torque is proportional to
the size of the commutator. The special methods that are used
to increase the starting torque consist in providing means for
either raising the voltage per bar or by means for raising the
current per bar. In other words, both systems require space in
the motor which could otherwise be usefully employed if the
motor was intended for direct current.
The scheme presented by the authors of the paper is the

first of the two mentioned principles for increasing the starting
torque, carried to the extreme. The system is, according to the
authors, very effective, but there is also every indication that
it takes room in proportion to its effectiveness, and there is
no convincing evidence in the paper that the space occupied by
the motor with its elaborate non-sparking devices, will not be
quite as large as the space of a motor of more familiar design.

This refers to the motor of the Seyfert type with rotating
commutator shown in the illustration. The scheme of the
detached commutator, apart from its complication, does not solve
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the problem of space factor as it is worked out in the design
shown in the paper, because no provisions have been made for
materially increasing the diameter of the commutator, which
after all is a measurement of the starting torque. A natural
solution is however given by the use of side rods which allows
the commutator as well as the rest of the motor to assume its
necessary dimensions as well as its natural proportions.

It is interesting to observe that the results obtained by the
four or five manufacturers of single-phase railway motors in
America and in Europe, agree closely in regard to weight and
space per horse power. In order to give some more concrete
figures, as to the space and weight factor of moderate size single-
phase motors, the following data may be mentioned. A 25-
cycle motor of the series repulsion type designed for 36-in.
wheels, has a weight of 5900 lb., and delivers 150 h. p. at 600
rev. per min. in accordance with standard rating. This is, as
far as I can see, in close agreement with recent developments of
motors of several other types and makes.
The various schemes employed for overcoming commutation

difficulties cannot, therefore, be judged by the space factor or
the weight per horse power. The nearest to a practical com-
parison is undoubtedly a test that has been embodied in the
specifications for locomotives in connection with the contemplated
electrification of two of the large western railroads, that the
motor should be able to develop full torque at stand still for a
specified time, one minute or five minutes. If the motors are
compared on a basis like this, the type will undoubtedly be most
favored, which offers the greatest simplicity of structure, and the
easiest work for the repair man.

S. S. Seyfert: The discussion that has taken place, fol-
lowing this paper, has amply repaid us for going to the trouble
of presenting a few ideas in the line of motor design. Perhaps
the best reason for bringing up a subject like this is to find out
what the chief workers are doing.

I would like to mention a few points, however, because it
seemed to me during the discussion, that the non-sparking de-
vices that are proposed were assumed to be a necessary part
of the inversion of the relative positions of field and armature.
It is not necessary to use these choke-coils in the case of a motor
with external armature, and as a matter of fact I have often
thought that it might be desirable to use resistance leads, only
under certain circumstances, especially if the short-circuit
volts are reasonably small. We have found it is extremely
difficult to design a motor of so large size, with a reasonable
short-circuit voltage per turn, for with a reasonable number
of poles, say 12, the flux per pole on a 500-h.p. motor becomes
so large as to produce 12 volts or more per turn on the armature
circuit, and if we wish to reduce this voltage we would either
have to tap into the half-turns or increase the number of poles.

In order to build a large single-phase motor, it is absolutely
necessary to use a large number of poles, or use a high short-
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circuit voltage per turn. I think however, that motors could be
built on the resistance-lead principle, that would commutate
well enough, and in that case the stationary character of the
armature, with the available space for placing the leads, would
enable us to design the leads somewhat more generously, and
therefore their liability to burn out at starting would be less,
which would mean a lessening in the cost of repairs and an in-
crease in the reliability of service. I think it is plain, that with
the ordinary construction of armature, in which the resistance
leads are doubled upon themselves in the bottoms of the armature
slots, they consume a large amount of valuable space, real
motor space, and they add their heating to the total heating
of the armature. In case of burn-outs, which are liable to occur
at starting, the armature windings have to be undone to repair
the leads. In this case, I can easily imagine an arrangement of
the leads so that they might be replaced at short notice separately
and in fact a lead might be replaced while the motor was running,
if the winding of the armature was of the proper type. On the
basis of resistance leads alone, dropping entirely the question of
choke-coils, it would seem an advantage to have the leads so
located, that they can be easily and separately repaired. This
would compensate for a great deal of the otherwise complicated
arrangement.

I would say another word about the length of commutator.
One of the members who discussed the paper mentioned that the
length of the commutator on the present New Haven motor was
about seven or eight inches, and in case of the removal of this
commutator we would gain that space. I find, if we attempt
to build a 500-h. p. motor, that the commutator would be about
a foot long. In this case, assuming the commutator on the motor
concentric with the axle, we would gain a foot of space by re-
moving the commutator. Should we decide to make the com-
mutator concentric with the armature this one foot of space
needed would force us to a greater driving-wheel diameter. It
should be plain, therefore, that the increase in gross length of
useful iron made possible by the removal of the commutator
would be 12 inches instead of the seven or eight inches, as would
be the case in changing a 250-h. p. motor. We were driven to
that construction to get the necessary rating on a direct-connected
motor for 62-in. drivers.

As to design, the inverted motor has among others, the follow-
ing advantages:

1. The long external yoke or armature core has to carry the
effective armature flux only, whereas, in the old type of motor,
the corresponding core has to carry the total field flux.

2. The placing of the armature externally allows the use of a
wider and shallower armature slot, resulting in a better commu-
tation constant and a slightly better power-factor. The compen-
sating slots through the poles must be deeper in this case, which
condition may be easily met. Because of the comparatively
low voltages at which single-phase motors must operate, it has
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been found somewhat difficult to satisfy the direct-current com-
mutating condition on a motor of large size with such a small
number of poles.

3. The air-gap periphery is somewhat increased in the case
of the external armature motor mainly because the armature
requires less radical depth than the field.

4. The end-windings of the compensating-coils are very
much shorter, as was mentioned in the paper.
We made some experiments on core losses in field and armature,

Core L088 and Friction
15 HP AC. 'commutator motor B

A-armature stray power D.C excitation
t B-armatucre tray pow r A. C._excitation

Cfition A--
D-ipt to field coil

Io ~~D_

m~~~~~

7 2J 5 6 7 8 0l, 1

FIG. 13

wliich might be interesting at this juncture. For some time
Dr. Franklin and myself were under the impression that the core
losses per unit off volume in the armature of the alternating-
current motor should diminish as synchronous speed is reacbed.
Upon going into the theory of the matter this seems to be so,but for some reason, the core losses actually increase somewhat
with speed. The exprmnwa performed on a single-phase
motor of the ordinary type, and the resullts are shown in Fig. 13.

In the first place, a constant direct current of 30 amperes was
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supplied to the field. The armature was rotated at a series of
speeds up to and beyond synchronous speed.

Curve A gives the total input to the rotating armature from
the driving motor; curve C gives friction loss in the motor
tested so that rn o represents the core loss in the armature.

In the second place a constant alternating current of 30
amperes effective value was supplied to the field. Curve B
gives the corresponding core loss as measured by the driving
motor. Curve D shows the watts input to the field-coil through-
out the test. These curves show that the armature core losses
in the aternating-current motor are not as great as they would
be for the same effective values of induction on direct current.
It is shown, however, that the core loss, in both cases, increases
with speed, growing very rapidly above synchronous speed.
This may be due to the fact that the losses caused by the bunch-
ing of flux by the teeth are such a large percentage of the arma-
ture core loss.

In the paper it is stated that we selected the 10-pole type of
motor; we found later that 12 poles would have been better
for it-is well known that the larger the number of poles on the
motor, the less its weight per horse power, because the individual
magnetic circuits are less bulky, and the cross-sections of the
core, both field and armature, are less. By going to 12 poles we
could make a better machine, one that would commutate better
and have a smaller short-circuit voltage.

President Stillwell: I am sure the Institute owes its thanks
to Dr. Franklin and Professor Seyfert for the very interesting
and suggestive paper which they have presented. It is always
an advantage to look at a subject from another point of view,
and I am sure that the engineers who are accustomed to the
designing of motors of these types for commercial service will
be glad to agree with me, and in a judicial spirit examine their
own work very carefully to see if there be anything in this
suggestion which might be utilized. I do not propose to enter
into the discussion, but one or two points have occurred to me
which might be mentioned to advantage, and one is that the
argument in favor of the increase in output in proportion to
dimensions are greatest in the case of multiple unit equipment,
and in which case I think the paper makes no suggestion as to
the location of the commutator and its leads.

In the case of the electric locomotive, taking the state of the
art as it existed when the New Haven locomotives were designed,
the designers were undoubtedly cramped for room in attempt-
ing to place the motors underneath the floor of the locomotive,
but the tendency is now, I understand, rather towards raising
the motors and gearing to a shaft, in which case the argument in
favor of separate commutator and its leads from the field arma-
ture is somewhat minimized. I will now call upon Dr. Franklin
to close the discussion.
W. S. Franklin: In regard to the location of the detached

commutator in the multiple-unit car I may say that Professor
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Seyfert and I have considered that matter in some detail
after a consultation with Messrs, Gibbs and Hill, and we came
to the conclusion that a very great advantage would be realized
by placing the motor on one side of the axle, and the commu-
tator on the other side of the same axle, taking the commutator
leads across through a covered passageway over or under the
axle.

In regard to the general question of detaching a commu-
tator, I wish you to consider what a commutator really is. A
commutator is a switchboard, and it is proper to detach a switch-
board from the machine which it controls. I never saw a power
house with a switchboard placed inside of the dynamo! I only
make use of this evidently exaggerated statement in order to
emphasize the fact that we have perhaps become too much ac-
customed to a certain point of view. Perhaps, after all, the
detached commutator is the rational and practical thing, and
yet I have enough respect for practical engineering to know
that the question must ultimately be answered in practice. I
do not know for certain whether the detached commutator is
the best thing, and neither does anybody else know. It is a
question which can be decided only by an actual and long-
continued trial under practical conditions.

In regard to the importance of simplicity which has been
emphasized by Mr. Anderson, I wish to point out that the motor
which Professor Seyfert and I have designed is about the nearest
approximation that I know of to a " piece of cast-iron."

In answer to Professor Kintner's question concerning the
short-circuit voltage I would say that the short-circuit voltage
of our No. a (300-h.p.) motor is 12 volts per turn, that is, 12
volts in a single turn around the field-pole.
The question was raised as to the necessary size or carrying

capacity of the individual choke-coils. Concerning this point,
it is stated in the paper that a short-circuiting arrangement can
be provided so that choke-coils or resistance leads can be cut out
or in at pleasure. The frequency of commutation is low at
starting, and under these conditions one needs high resistance in
the leads, whereas the inductive choking is rather small. At
high speed, on the other hand, the choke-coils are extremely
effective without any resistance. Therefore at starting, very
high resistances might be inserted in the leads and these resistances
might be cut out with increase of -speed after starting.

I wish particularly to emphasize a point which is brought out
in the paper, namely, that one of the most important features in
the suggested design is, that you can treat the problem of start-
ing and the problem of running as two distinct and separate
problems; you can put large resistance in your leads at starting,
and when the machine reaches a certain definite speed you can
cut out as much resistance as you please by a ring which is made
to drop between terminal bars in a manner which will at once
occur to any designer.


